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@ Optical communications system witli adjustable dispersion compensation. 

@ An optical communication system uses adjustable dispersion compensating fibers to compensate for 
dispersion in system fibers. The amount of dispersion introduced by the dispersion compensating fibers 
is varied depending upon the amount of compensation required. The amount of compensation may be 
determined automatically and the amount of compensation Intioduced by the fibers may be adjusted 
automatically by a controller. 
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Technical Field 

This invention relates generally to the field of opt- 
ical communications systems with dispersion com- 
pensation and particularly to such systems control- 5 
ling amounts of dispersion compensation and to com- 
ponents of such systems. 



Background of the Invention 
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Optical communications systems using optical 
fibers to connect a light source and detector or regen- 
erators have reached a high state of technological de- 
velopment with data rates in excess of 10 Gbits/ sec 
and transmission spans of more than a 1 000 kilome- is 
ters possible. A transmission span is the distance be- 
tween light source and detector or regenerators. The 
entire transmission distance frequently includes 
more than one span. One system parameter that has 
been of interest in attempts to increase system ca- 20 
paclty Is chromatic dispersion. The presence of chro- 
matic dispersion means that light at different wave- 
lengths orf requencies travels at different velocities in 
the optical fiber. 

Chromatic dispersion, even for very brief pulses, 25 
can limit either the operating frequency, that is, the 
data transmission rate, or the transmission span of 
the system. Although fibers can be fabricated with low 
dispersion, some dispersion typically remains be- 
cause the fabrication does not totally eliminate the 30 
chromatic dispersion. Accordingly, techniques have 
been developed to compensate for fiber chromatic 
dispersion. One dispersion compensation technique 
passes the signal through a dispersion compensating 
fiber (DCF) as well as the system fiber. The DCF has 35 
a dispersion opposite to that of the system fiber. The 
DCF is desirably selected, with respect to length and 
dispersion, so that the total dispersion for the signal 
passing through the DCF compensates for the disper- 
sion of the signal as It passes through the system fib- 40 
er. 

This approach is used in United States Patent 
5,218,662 issued June 8, 1993 to Dugan. The patent 
describes a system having a plurality of transmission 
spans with a dispersion compensation unit presentfor 4S 
each span. Each dispersion compensation unit reduc- 
es the dispersion for a single span. This approach 
was adopted by Dugan because he believed that 
compensation in the field required large numbers of 
fibers of different lengths, and was therefore imprac- so 
ileal The system described by Dugan Is static; that is, 
the amount of compensation can not be readily 
changed and there is no feedback, while the system 
is operating, between the receiver and the dispersion 
compensation units about the quality of the received 55 
signal. 

While the system described may operate well for 
many applications, it has drawbacks. In particular, in 



many systems, signals from one transmitter may, at 
different times, be transmitted over different system 
fibers requiring different amounts of chromatic dis- 
persion. That is, the system configuration is dynamic 
and changes In time as system usage changes. The 
system described can not vary the amount of chro- 
matic dispersion used to compensate for the disper- 
sion in the system fiber. Additionally, the total trans- 
mission path can include a plurality of spans, and the 
system described can not easily compensate for the 
chromatic dispersion over a plurality of spans but 
rather considers and compensates for each span in- 
dividually. 

Summary of the Invention 

According to one embodiment of this invention, 
an optical communication system comprises a trans- 
mitter (1), a receiver (3), at least a first optical fiber 
(11,13) connected to the transmitter (1) and receiver 
(3), and a dispersion compensation unit (9) connected 
to the at least a first optical fiber (11,13). The disper- 
sion compensation unit (9) is adjustable so that It In- 
troduces a variable amou nt of dispersion thus making 
it useful with fibers of different lengths or with fibers 
having different dispersion properties. In a preferred 
embodiment, a controller (35) determines the amount 
of compensation required using information obtained 
from the receiver (3). In yet another embodiment of 
the invention, the system has a plurality of spans 
(^,'2,1314) and the compensation for each span is ad- 
justed to compensate for the dispersion over the plur- 
ality of transmission spans. The individual spans typ- 
ically have different lengths. The dispersion compen- 
sation unit (9) may be used in either transmission or 
reflection. 

Another aspect of the invention is the dispersion 
compensation unit (37) which has at least two disper- 
sion compensating fibers (103, 105, 107, 109) that 
have different dispersion, and means (111, 113, 115) 
for selectively coupling said fibers to the system fiber. 
The dispersion compensation unit (9) also has means 
for receiving infomnation from the receiver (3) and de- 
termining the desired amount of compensation. This 
means is conveniently termed a controller (35). 

In a broader aspect of this invention, the disper- 
sion compensation unit (9) is one embodiment of an 
adjustable compensation unit which may adjust other 
parameters such as loss or phase. 

Brief Description of the Drawing 

FIGs. 1 and 2 are schematic representations of 
an optical communications system according to 
this Invention; 

FIGs. 3 and 4 are schematic representations of 

dispersion compensation units; 

FIGs. 5 and 6 are schematic representations of 
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adjustable dispersion compensation fibers ac- 
cording to this invention; 

FIGs. 7 and 8 are schematic representations of 
systems that can compensate for more than a sin- 
gle wavelength; and 

FIGs. 9 and 10 are schematic representations of 
parallel and series switches. 
Identical numerals in different figures represent 
identical elements. 

Detailed Description 

The invention will be described by reference to 
particular embodiments. One optical communication 
system according to this invention is schematically 
depicted in FIG. 1. Shown are transmitter 1 and re- 
ceiver 3. Between these units are preamplifier 5 and 
amplifier 7. Dispersion compensation unit 9 is con- 
nected to preamplifier 5 and amplifier 7. The pream- 
plifier 5 and amplifier 7 form a signal regenerator. 
There are optical fibers 11 and 13 between transmit- 
ter 1 and preamplifier 5 and between amplifier 7 and 
receiver 3. The dispersion compensation unit 9 is opt- 
ically connected to both preamplifier 5 and amplif ter 
7 through three port optical circulator 15. The disper- 
sion compensation unit is shown being used in reflec- 
tion; it may also be used in transmission as shown in 
FiG. 2. Fibers 11 and 13 have characteristics such a 
dispersion, length, and loss, Unit 9 introduces an 
amount of dispersion that compensates for the dis- 
persion in fibers 11 and 13. Of course, the elements 
depicted are not drawn to scale, fibers 11 and 13 will 
typically be much longer than are the optical paths be- 
tween preamplifier 5 and the amplifier 7. 

The elements depicted, except for the dispersion 
compensation unit, are well known in the art. The skil- 
led artisan will readily select appropriate elements. 
The dispersion compensation unit 9 will be further de- 
scribed. 

Optimization of the dispersion compensation will 
be better understood by reference to FiG. 3 which 
shows details of an exemplary dispersion compensa- 
tion unit Fibers 11 and 13 have lengths 11 and 12, re- 
spectively. In addition to elements already described, 
present are bit error rate(BER) detector 31 connected 
to receiver 3. and optimization unit 33 which is con- 
nected to the BER detector 31. There is a link, elec- 
trical or opticai, between the optimization unit 33 and 
controller 35 which is connected to an adjustable dis- 
persion compensation fibers 37. The fibers 37 are 
optically connected to fibers 11 and 13. Unit 9 thus in- 
cludes controller 35 and dispersion compensation fib- 
er 37. Controller 35 receives information from unit 33 
and selects the appropriate amount of compensation 
as will be described later. 

The apparatus depicted is an interactive appara- 
tus in that it optimizes the dispersion compensation 
based upon an operating parameter such as the eye 



margin or bit error rate. The operation of the appara- 
tus depicted will be readily understood and imple- 
mented by those skilled in the art. The system depict- 
ed may be cascaded to include multiple spans with 

5 multiple preamplifiers and amplifiers as shown in 
FIG. 4. For reasons of simplicity of exposition, the am- 
plifiers 7 and preamplifiers 5 are depicted as single 
units. The fibers have lengths 11, 12, 13, and 14 
which typically have four different values. As shown, 

10 there is a connection between the receiver 5 and the 
adjustable dispersion compensation fibers. Aplurality 
of controllers is shown; only a single controller need 
be used provided that is can individually adjust the ad- 
justable compensation fibers. The amount of com- 

15 pensatton at each regenerator will in general not be 
the same for the total transmission distance of 
11-1-12-1-13-1-14 as it would be for a single distance, say 
11. 

Operation of unit 9 Is better understood from con- 

20 sideration of FIG. 5 which is a schematic representa- 
tion of adjustable dispersion compensation fiber 35 
which is useful in reflection. Depicted are three port 
optical circulator 101 and a plurality of dispersion 
compensated fibers 103, 105, 107, and 109. Fiber 

25 1 03 is connected to circulator 101 and the remaining 
fibers are connected to the fiber through bypass 
switches 111, 113, and 115, respectively. There is a 
mirror 117 for reflecting the signals. The fibers will 
generally have different lengths and different 

30 amounts of dispersion for signals propagating 
through the fibers. In a preferred embodiment, the 
amount of compensation introduced by the Individual 
fibers has the ratio 1 :2:4:8. Four fibers are shown; 
more or fewer fibers may be used as desired. 

35 After determining the amount of dispersion com- 

pensation required, the bypass switches are set to in- 
clude or exclude individual fibers so that the desired 
amount of dispersion compensation may be obtained. 
The bypass switches may be mechanical, electro- 

40 mechanical, etc. Several methods of control are con- 
templated. The simplest Is, of course, manual. Per- 
sonnel would determine the amount of dispersion 
compensation required for the fiber span characteris- 
tics and manually select the proper dispersion com- 

45 pensation fibers. More sophisticated control uses the 
embedded digital controller 35 or processor such as 
that previously described. The processor has access 
to the fiber parameters including dispersion, length, 
and loss. In a typical embodiment, there will also be 

50 information transfer about the received signal from 
the receiver to the controller as previously discussed 
and shown in FIG. 4. The processor determines the 
amount of compensation required and selects the ap- 
propriate dispersion compensating fibers using the 

55 switches. It will be readily understood that the amount 
of compensation implemented need not compensate 
precisely for the amount of dispersion present 

Another embodiment of the dispersion compen- 
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sation fibers is depicted in FIG. 6. This embodiment 
is generally similar to that shown in FIG. 5 but cross 
over switches are used rather than by pass switches. 
Operation is similar and need not be described in de- 
tail. 5 

The invention may also be used in systems using 
at least two wavelengths for information. Embodi- 
ments of such systems are schematically depicted in 
FIGs. 7 and 8. There is a switch 71 that switches the 
incoming signal to dispersion compensation unit 105, io 
107, or 109 depending upon the appropriate wave- 
length. Switch 71 receives information from, for ex- 
ample, the controller about which unit the signal 
should go to. FIG. 8 depicts a unit that can compen- 
sate for several wavelengths simultaneously and is is 
well suited for use in wavelength division multiplexing 
systems. There is a multiplexer/demultiplexer 81 
which directs signals of different wavelengths to dif- 
ferent dispersion compensation units 105, 107 and 
1 09. Each unit compensates for the wavelength that 20 
It receives. The multiplexer/demultiplexer switches 
the incoming signal to the appropriate unit More 
units, as shown, may be present. 

The fibers in the dispersion compensating unit 
may be connected in series or In parallel or a ser- 25 
les/parallel combination. A series arrangement is de- 
picted in FIG. 9 with switch 901 being used to direct 
signals to the appropriate compensating fiber The 
number of switches is reduced compared with the em- 
bodiment depicted in FIG. 5 but more hardware is re- 30 
quired. Switching loss Is reduced but the amount of 
fiber and the number of mirrors are increased. Acom- 
binatron of series/parallel compensating waveguides 
is depicted in FIG. 10. Switch 1001 directs the signal 
to either the upper or lower branch of compensating 35 
fibers. Switches 1021 are used to include or exclude 
the additional fibers in each branch. 

Variations in the embodiments depicted will be 
readily apparent to those skilled in the art. For exam- 
ple, the units shown in FIGs. 5 and 6 may be modified 40 
so that they may be used in transmission. Additional- 
ly, although the invention has been described with re- 
spect to dispersion compensation, it may be used to 
adjust other system parameters such as loss and 
phase. The former may be important to regulate am- 45 
plif ier output, and the latter may be desirably used to 
delay the bit pattern. Although the description has 
been in terms of dispersion compensation fibers, it 
should be understood that other dispersion compen- 
sating waveguide means may be used and that fibers so 
are only a single example of such waveguide means. 
Furthermore, although the dispersion compensation 
unit was described as being connected to a preampli- 
fier and an amplifier located between a transmitter 
and a receiver and connected to these units with sys- 55 
tern fibers, the dispersion compensation unit may be 
located at other points. For example, It may be con- 
nected to either the transmitter or to the receiver or 



regenerator. 



Claims 

1. An optical communication system comprising a 
transmitter (1), a receiver (3), first and second 
optical fibers (11,13) optically connected to said 
transmitter and receiver, respectively, at least 
one adjustable compensating waveguide (9), 
said at least one adjustable compensating wave- 
guide (9) introducing a variable amount of com- 
pensation and being optically connected to said 
first and second fibers (11.13) and a controller 
(35), said controller (35) being connected to said 
receiver (3) and determining the compensation of 
said at least one adjustable compensation wave- 
guide (9). 

2. An optical communication system as recited In 
claim 1 in which said at least one adjustable com- 
pensating waveguide (9) varies the amount of 
dispersion. 

3. An optical communications system as recited in 
claim 1 in which said at least one adjustable com- 
pensating waveguide (9) comprises an optical 
fiber (105, 107, 109). 

4. An optical communications system as recited in 
claim 3 in which said optical fiber (105,107,109) 
is used in reflection. 

5. An optical communications system as recited in 
claim 1 in which said controller (35) comprises 
means (31 ,33) for receiving information from said 
receiver (3). 

6. An optical communications system as recited in 
claim 1 comprising at least two adjustable com- 
pensating waveguides (105,107,109). 

7. An optical communications system as recited in 
claim 6 further comprising apparatus 
(111.113.115) connected to said at least one said 
adjustable compensating waveguide to switch 
signals to said adjustable waveguides 
(105.107.109). 

8. An optical communications system as recited in 
claim 7 in which said apparatus comprises a mul- 
tiplexer/demultiplexer (81) connected to said at 
least one said adjustable compensating wave- 
guide (105,107,109). 

9. An optical communications system comprising a 
plurality of systems as recited in claim 1, each of 
said systems being optically connected to at least 
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one other of said systems. 

10. Optical apparatus comprising at least one auto- 
matically adjustable compensating waveguide 

(9) Introducing a variable amount of compensa- s 
tion and a controller, said controller determining 
the amount of dispersion compensation. 

11. Optical apparatus as recited in claim 10 in which 
said waveguide comprises at least two optical fib- to 
ers (105.107.109). 

12. Optical apparatus as recited in claim 11 in which 
said at least two optical fibers (105,107,109) 
have different dispersion. is 

13. Optical apparatus as recited in claim 10 compris- 
ing at least two adjustable compensating wave- 
guides (105,107,109). 

20 

14. Optical apparatus as recited in claim 13 further 
comprising apparatus (11 1,1 13, 11 5) for switching 
signals to said compensating waveguides 
(105,107,109). 

25 

15. Optical apparatus as recited in claim 14 in which 
said apparatus (111,113,115) comprises a multi- 
plexer/demultiplexer (81) connected to said at 
least one adjustable compensating waveguide 
(105,107.109). 30 
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FIG, 4 
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